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riprap should be laid in a bed of gravel or crushed stone or spalls which grade from a size that will prevent the material of the dam from washing into it up to a size that will not pass through the voids in the riprap. The thickness of the above gravel or crushed stone layer underlying the riprap should vary according to its character from 9 to 18 in.
On the other hand if the material in the upstream portion of the dam was a clayish silt and the bedding layer for the riprap was a run of bank gravel containing only 30 per cent larger than J^ in. but grading up to a coarse gravel, it might be advisable to make this layer as much as 18 in. thick. In general the thickness of the bedding layer should never be less than 9 in. and then only when properly graded. Action of the waves will wash out some of the finer bedding material and, with some settlement, will automatically build up a stable filter layer, varying from fine material at the bottom to coarse material at the top. Settlement will be greater for run of bank gravel than for artificially graded gravel, which is to be preferred. Therefore the run of bank gravel should be thicker.
Under no circumstances should the bedding layer be omitted unless the material in the upstream face is gravel. If it is omitted for a clay or silt upstream embankment, the action of the waves will in time wash the material away from between the riprap stones and will move them and even sometimes bury them in the embankment material.
Not all rock is suitable for use as riprap. Stone for riprap should be hard and durable and should not break down readily on long exposure to water, frost, and air. Most but not all of the igneous and metamorphic rock makes good riprap. Many of the limestones and sandstones make excellent riprap.
Shales are generally entirely unsuitable and the presence of shale seams in limestone and sandstone sometimes renders these rocks undesirable. As a practical matter we usually take the best rock available at reasonable cost, but certainly it would not be worth while to consider any rock for riprap unless it could successfully withstand more than five cycles of freezing and thawing (see Art, 7, Chapter 16).
In investigating the available rock for riprap, the available records of service of the rock in the territory should be investigated as of at least equal importance with the freezing and thawing test. In addition to its record of use in riprap, its record in bridge piers, in bridges, and in buildings is of interest.
22. Concrete Lining of Upstream Slopes. Municipal distribution reservoirs are often lined with concrete, which is generally laid in the form of blocks on graded slopes. Such lirtings are generally not relied on for watertightness but are intended primarily to furnish a surface on which wave action will not muddy the water. Such a surface may also be cleaned when the reservoir is drawn down.
Monolithic Concrete T.ming. A concrete lining is sometimes used on the upstream face of earth dams. It is generally poor practice to place much reliance on a concrete pavement for keeping water from entering the embankment. The true function of such a lining, it is believed, is wave protection only. Sometimes the concrete lining is built as a reinforced monolith, steel composing about 0.3 per